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CLAIMS 

1. (Currently Amended) A piezoeleotric micromotor for moving a moveable element 
comprising: 

a vibrator in the shape of a i*c :angular parallelepiped formed from a plurality of mm 
5 layers of piezoelectric material having first and second identical relatively large rectangular 
face surfaces defined by long and short edge surfaces herein the layers are aligned one on 
top of the other and have their face suri aces bonded together; 
electrodes on surfaces of the layers; 

a contact region located on one or more edge surfaces of the layers, urged against the 
10 body; and 

a least one electrical power supply ~™fi r H *" Petrify a first confVnration of some 
nf 11r -i^»c »vrit e and control only InnriftifHiwl virions jn the vibrator parallel ta 
ft^^ c „rf^ and a second cnnfirnin tion of Hrrtrorlcs to rxcifr and control onjy, 
lm ,..^. v.Kr.tinn. in the vibrato- mnm to thft short edfie surfaces, .ttot^trifi^ 

d e U iu d ui. tu I'm i i h rnt i nm in t hr vil ' 11 '■" 1 1 1 t 1 l Pl pn il lnPt rffn oa that impart 

m o tion to the body ; 

ulLuu iuuLk iiJl -nmrn fthnrl ' 1 ' 1 in^ln tn nwi t u u mi, ^nc ^t in n i 
4he uT nau m wUi di t rnn'PTn n vita nt i u m , J it vib i a t lonfl p irnllnl t o thf o u o or moro odgor o f 



15 



30 



llui lu un. uii iThirh thr rn n i r* * T nn ir nitin1 r >H nnf1 111 loaat °° me of t l lC clcctro d o ° nri? 

20 u L tUi Cull t t o ex ci te lan C ihK hn a^4 h a U u .i ui U n ^ il uh.i H 1 1 liniln r " t h r> n nn n r 

muiL uhju uuJ ii, „. 1m it nnr ptn r "T^T ™" ^ 1 11 ^rfi nt i nn t n ittd tuu utonly ro r . rrol 
wrttuUkjq ul- longitudinal a^^^vM^o as to selectively generate different 
forms of vibratory motion in the vibnitor. 

25 2. (Original) A piezoelectric micromotor according to claim 1 wherein the one or more edge 
surfaces are short edge surfaces of tiw layers. 

3. (Previously Presented) A piezoelectric micromotor according to claim 1 and including a 
wear resistant element situated at the contact region for contact with the body. 



4. (Previously Presented) A piezoele=tric micromotor according to claim 1 

wherein the at least one power supply electrifies the electrodes to excite elliptical vibrations in 

the vibrator having different eccentricities. 



35 5. (Cancelled) 
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6. (Previously Presented) A piezoelectric micromotor according to claim I, comprising: 

a single large electrode on a first face surface of each layer; and 
four quadrant electrodes on the second face surface of at least one layer, wherein the 
5 quadrant electrodes are arranged in a checkerboard pattern. 

7. (Previously Presented) A piezoelectric micromotor according to claim 6 wherein at least 
two non-contiguous face surfaces have quadrant electrodes. 

10 8.-9. (Cancelled) 

10. (Previously Presented) A piezoelectric micromotor according to claim 6 wherein for at 
least one layer the at least one power supply electrifies a first pair of diagonally disposed 
quadrant electrodes with a first AC voltage and a second pair of quadrant electrodes along a 

15 second diagonal with a second AC voltage and wherein the first and second AC voltages are 
180° out of phase and have a same magnitude, so as to excite transverse vibrations in the 
piezoelectric vibrator. 

11. (Original) A piezoelectric motor according to claim 10 wherein the at least one layer 
20 comprises a plurality of layers and wherein homologous electrodes on different layers of the 

plurality of layers are electrified with the same voltage. 

12. (Previously Presented) A piezoelectric motor according to claim 43 wherein the at least 
one power source controls magniuides of AC voltages used to excite longitudinal and 

25 transverse vibrations to selectively provide different forms and amplitudes of vibratory motion 
of the contact region in a plane paralM to the planes of the layers. 

13. (Previously Presented) A piezoelectric motor according to claim 43 wherein the at least 
one power source controls phases o!" AC voltages used to excite longitudinal and transverse 

30 vibrations to selectively provide different forms of vibratory motion of the contact region in a 
plane parallel to the planes of the layurs. 

14. (Previously Presented) A piezoelectric motor according to claim 43 wherein the at least 
one power source controls frequencies of AC voltages used to excite longitudinal and 
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transverse vibrations to selectively provide different forms of vibratory motion of the contact 
region in a plane parallel to the planes of the layers. 

15 (Previously Presented) A piezoelectric micromotor according to claim 6 wherein for at 
least one layer the at least one power supply electrifies a first pair of electrodes along a first 
short edge of the layer and a second pair of quadrant electrodes along a second short edge with 
first and second AC voltages respectively that are 180<> out of phase and have a same 
magnitude, so as to excite bending vibrations perpendicular to the planes of the layers in the 
piezoelectric vibrator. 

16. (Original) A piezoelectric motor according to claim 15 wherein the at least one layer 
comprises a plurality of layers. 

17 (Original) A piezoelectric motor according to claim 16 wherein homologous electrodes on 
15 layers located on a same side of a face surface inside the vibrator are electrified in phase and 

homologous electrodes on layers located on opposite sides of the face surface are electrified 

180° out of phase* 

18 (Previously Presented) A piezoelectric motor according to claim 49 wherein the at least 
20 one power source controls magnitudes of AC voltages used to excite longitudinal and bending 

vibrations to selectively provide different forms and amplitudes of vibratory motion of the 
contact region in a plane perpendicular to the planes of the layers. 

19 (Previously Presented) A piezoelectric motor according to claim 49 wherein the at least 
25 one power source controls phases of AC voltages used to excite longitudinal and bending 

vibrations to selectively provide different forms of vibratory motion of the contact region m a 
plane perpendicular to the planes of ihe layers. 

20 (Previously Presented) A piezoelectric motor according to claim 49 wherein the at least 
30 one power source controls frequencies of AC voltages used to excite longitudinal and 

transverse vibrations to selectively provide different forms of vibratory motion of the contact 
region in a plane parallel to the plan-ss of the layers. 

21 (Previously Presented) A piezoelectric micromotor according to claim 6 wherein, for at 
35 least one layer, the at least one power supply electrifies a pair of quadrant electrodes that lie 
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along a first diagonal of the layer with AC voltage while a pair of quadrant electrodes along 
a second diagonal of the layer are grounded or floating, in order to excite elliptical vibrations 
in the vibrator. 

5 22. (Original) A piezoelectric micromotor according to claim 21 wherein the at least one layer 
comprises a plurality of layers and wherein homologous electrodes are electrified with the 
same AC voltage. 

23. (Previously Presented) A piezoelectric motor according to claim 21 wherein the at least 
10 one power supply controls the frequency of the AC voltage to selectively control the 

eccentricity of the elliptical motion. 

24. (Previously Presented) A piezoeleitric micromotor according to claim 1 and comprising at 
least one relatively thin layer of non-piezoelectric material having large rectangular face 

15 surfaces defined by long and short edj.es and relatively narrow long and short edge surfaces. 

25. (Original) A piezoelectric microrrotor according to claim 24 wherein the one of the edges 
of the at least one non-piezoelectric layer are substantially equal in length to one of the 
corresponding edges of the piezoelectric layers. 

20 

26. (Original) A piezoelectric motor according to claim 25 wherein the one edge is a short 
edge. 

27. (Previously Presented) A piezoelectric micromotor according to claim 25 wherein the 
25 other edges of the at least one non-piezoelectric layer are slightly longer than the 

corresponding other edges of the piezoelectric layers so that at least one edge surface of the 
non-piezoelectric layer protrudes from the piezoelectric layers. 

28. (Original) A piezoelectric motor according to claim 27 wherein the other edge is the long 
30 edge and wherein at least one short <;dge surface of the non-piezoelectric layer protrudes from 

the piezoelectric layers. 



29. (Previously Presented) A piezoelectric micromotor according to claim 27 wherein 
contact region comprises a region of one of the at least one protruding edge surface. 
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30. (Previously Presented) A piezoelectric micromotor according to claim 25 wherein the at 
least one non-piezoelectric layer is formed from a metal. 

31. (Previously Presented) A piezoe ectric micromotor according to claim 15 wherein the 
power supply is capable of electrifying the electrodes to cause motion in a selective arbitrary 
direction in the plane of edge surfaces on which the contact region is located. 



32.-42. (Cancelled) 

10 43. (Previously Presented) A piezoelectric micromotor according to claim 10 wherein the at 
least one power supply electrifies all c ; uadrant electrodes on the second face surface of at least 
one but not all the layers with a same AC voltage so as to excite longitudinal vibrations in the 
vibrator. 

15 44. (Previously Presented) A piezoelectric micromotor according to claim 10 and comprising a 
single large electrode on the second ftce surface of at least one but not all layers. 

45. (Previously Presented) A piezoelectric micromotor according to claim 44 wherein the 
power supply electrifies a large elect ode on the second face surface of at least one layer with 

20 an AC voltage to excite longitudinal vibrations in the vibrator. 

46. (Previously Presented) A piezoe ectric motor according to claim 45 wherein the at least 
'one power source controls magnitudes of AC voltages used to excite longitudinal and 
transverse vibrations to selectively provide different forms and amplitudes of vibratory motion 

25 of the contact region in a plane paralUl to the planes of the layers. 

47. (Previously Presented) A piezoelectric motor according to claim 45 wherein the at least 
one power source controls phases of AC voltages used to excite longitudinal and transverse 
vibrations to selectively provide different forms of vibratory motion of the contact region in a 

30 plane parallel to the planes of the layers. 

48. (Previously Presented) A piezoelectric motor according to claim 45 wherein the at least 
one power source controls frequeicies of AC voltages used to excite longitudinal and 
transverse vibrations to selectively tirovide different forms of vibratory motion of the contact 

35 region in a plane parallel to the pianos of the layers. 
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49. (Previously Presented) A piezoelectric micromotor according to claim 15 wherein the at 
least one power supply electrifies all quadrant electrodes on the second face surface of at least 
one but not all the layers with a same AC voltage so as to excite longitudinal vibrations in the 

5 vibrator and thereby in the contact region. 

50. (Previously Presented) A piezoelectric micromotor according to claim 15 and comprising a 
single large electrode on the second fa:e surface of at least one but not all layers. 

10 51. (Previously Presented) A piezoelectric micromotor according to claim 50 wherein the 
power supply electrifies a large electee on the second face surface of at least one layer with 
an AC voltage to excite longitudinal vibrations in the vibrator. 

52. (Previously Presented) A piezoelrclric motor according to claim 50 wherein the at least 
15 one power source controls magnitiies of AC voltages used to excite longitudinal and 

transverse vibrations to selectively provide different forms and amplitudes of vibratory motion 
of the contact region in a plane paraltel to the planes of the layers. 

53. (Previously Presented) A piezoelectric motor according to claim 50 wherein the at least 
20 one power source controls phases of AC voltages used to excite longitudinal and transverse 

vibrations to selectively provide different forms of vibratory motion of the contact region in a 
plane parallel to the planes of the layors. 

54. (Previously Presented) A piezoelectric motor according to claim 50 wherein the at least 
25 one power source controls frequencies of AC voltages used to excite longitudinal and 

transverse vibrations to selectively provide different forms of vibratory motion of the contact 
region in a plane parallel to the planes of the layers. 

55. (Previously Presented) A piezoelectric micromotor for moving a moveable element 
30 comprising: 

a vibrator in the shape of a rectangular parallelepiped formed from a plurality of thin 
layers of piezoelectric material havng first and second identical relatively large rectangular 
face surfaces defined by long and short edge surfaces wherein the layers are aligned one on 
top of the other and have their face surfaces bonded together; 
35 a single large electrode on a :3rst face surface of each layer; 
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four quadrant electrodes arranged in a checkerboard pattern on the second face surface 
of at least one layer 

a contact region located on ,ono or more edge surfeces of the layers, urged against the 
body; and 

5 a least one electrical power supply that electrifies pairs of quadrant electrodes disposed 

along different diagonals with AC voltages mat are 180° out of phase with each other to excite 
transverse vibrations parallel to the at least one or more edges and all quadrant electrodes on 
the second face surface of at least one but not all the layers wilh a same AC voltage to excite 
longitudinal vibrations in the vibrator and controls magnitudes of AC voltages used to excite 

10 longitudinal and transverse vibrations to selectively provide different forms and amplitudes of 
vibratory motion of the contact region in a plane parallel to the planes of the layers. 

56. (Previously Presented) A piezo:lectric micromotor for moving a moveable element 
comprising: 

15 a vibrator in the shape of a rectangular parallelepiped formed from a plurality of thin 

layers of piezoelectric material having first and second identical relatively large rectangular 
face surfaces defined by long and shart edge surfaces wherein the layers are aligned one on 
top of the other and have their face surfaces bonded together; 

a single large electrode on a fi st face surface of each layer; 

20 four quadrant electrodes arranged in a checkerboard pattern on the second face surface 

of at least one layer 

a contact region located on one or more edge surfaces of the layers, urged against the 
body; and 

a least one electrical power supply that electrifies pairs of quadrant electrodes disposed 
25 along different diagonals with AC vo Itages that are 180° out of phase with each other to excite 
transverse vibrations parallel to the el least one or more edges and all quadrant electrodes on 
the second face surface of at least ore but not all the layers with a same AC voltage to excite 
longitudinal vibrations in the vibrator and controls phases of AC voltages used to excite 
longitudinal and transverse vibratkns to selectively provide different forms of vibratory 
30 motion of the contact region in a plare parallel to the planes of the layers. 

57. (Previously Presented) A piezoelectric micromotor for moving a moveable element 
comprising: 

a vibrator in the shape of a rectangular parallelepiped formed from a plurality of thin 
35 layers of piezoelectric material having first and second identical relatively large rectangular 
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face surfaces defined by long and short edge surfaces wherein the layers are aligned one on 
top of the other and have their face surf aces bonded together; 

a single large electrode on a fint face surface of each layer; 

four quadrant electrodes arranged in a checkerboard pattern on the second face surface 

5 of at least one layer 

a contact region located on ono or more edge surfaces of the layers, urged against the 

body; and 

a least one electrical power supply tfct electrifies pairs of quadrant electrodes disposed along 
different diagonals with AC voltages that are 180° out of phase with each other to excite 
10 transverse vibrations parallel to the at least one or more edges and all quadrant electrodes on 
the second face surface of at least one but not all the layers with a same AC voltage to excite 
longitudinal vibrations in the vibrator and controls frequencies of AC voltages used to excite 
longitudinal and transverse vibrations to selectively provide different forms of vibratory 
motion of the contact region in a plane parallel to the planes of the layers. 

15 

58. (New) A method of controlling a piezoelectric motor comprising a multilayer vibrator in 
the shape of a rectangular parallelepired formed from a plurality of thin layers of piezoelectoic 
material having relatively large rectangular face surfaces defined by long and short edge 
surfaces and electrodes on face surfaces of Ihe layers, the method comprising: 
20 determining at least one first ionfiguration of the electrodes electrifiable to excite and 

control substantially only longitudinal vibrations in the vibrator parallel to 1he long edges; 

determining at least one second configuration of the electrodes electrifiable to excite 
and control substantially only transverse vibrations in the vibrator parallel to the short edges; 
and 

25 electrifying first and second configurations of electrodes independently of each other to 

selectively generate different forms of vibratory motion in the vibrator. 
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